Abstract-Because of the fact that users can connect to a WiMAX (IEEE 802.16) network wirelessly with large-scale movement capability, it is inevitable that they cannot access electrical power sources at their desired time. As a result, a mechanism is needed to reduce power consumption; and therefore three power saving classes have been defined in WiMAX that each one is designed for a specific application. Although using a suitable power saving class (PSC) can reduce power consumption significantly, but lack of cross-layer coordination can reduce the efficiency of the power saving mechanism. Since real-time services which are related to power saving class type II (PSC II) have great importance and vast applications, an improved PSC II algorithm for WiMAX is proposed in this paper which not only guarantees WiMAX quality of service (QoS), but also makes the cross-layer coordination using a proactive buffer resulting in less power consumption. There is also a comparison made between the performance of the proposed algorithm and the predefined PSC II algorithm in WiMAX using computer simulations and it shows that using the proposed algorithm reduces power consumption by 60 percent, while WiMAX QoS is still guaranteed.
INTRODUCTION
Considering the widespread usage of smartphones, tablets, laptops, etc. as devices to connect to internet and also vast coverage of wireless and cellular networks, nowadays mobile users tend to connect to the internet wirelessly. Wireless networks like cellular networks or WiMAX not only give users a large-scale movement capability, but also provide them with a high-speed and broadband internet connectivity. Despite these advantages, a fundamental challenge still remains; since users of these networks are mobile, probable unavailability of electrical power sources for them at their desired time is inevitable. As a result, designing a mechanism to reduce power consumption is vital, so that users can stay connected to the network, needless of recharging their devices.
In this article, the main goal is to propose an improved PSC II algorithm which saves more power than WiMAX predefined PSC II algorithm and yet guarantees WiMAX QoS. The approach to reach this goal is to design a proactive buffer to impose delay to delay-tolerable sporadic traffic generated by application layer such as keep-alive messages, so that the device stays more in sleep mode; and therefore more power is saved, without applying harsh changes to QoS parameters that result network instability and undesirable performance.
The reason to choose this subject is because PSC II aims to reduce power consumption in real-time services such as VoIP, IPTV, etc. and since these services are widely used, saving power in them gives users the ability to have a longer experience using these services, needless of recharging their devices.
In order to better understand the subject, there will be an insight about WiMAX power saving mechanisms in Section II and the literature review will be in Section III. In Section IV there will be an explanation about the proposed algorithm (methodology), Section V will be the results and comparison and there will be the conclusion and future works in Section VI.
II. POWER SAVING MECHANISMS IN WIMAX

A. Idle mode
Idle mode allows the Mobile Station (MS) to save power by restricting listening intervals (in which the MS is actively transmitting data) and completely turning off the air interface as well. This provides the network with a useful method called paging. The main role of paging is to create an alarm when there is downlink traffic [1] . When idle mode is activated, the air interface of Base Station (BS) and MS are powered off.
B. Sleep mode
In sleep mode, unavailability intervals are related to the BS, and the MS receives sleep mode parameters from BS. Unlike idle mode, in sleep mode the MS stays connected to the BS. This can help the device return to normal operation mode faster. There are two main states in sleep mode and the MS switches between them [2] .
In the first state, the sleep window is activated. In fact, sleep window is a time span in which power is saved. In the second state, listening window is activated and the MS checks if any downlink traffic should be received from the BS or not.
Unlike idle mode which has only one operation mode, in sleep mode there are three different operation modes called -power saving class (PSC)‖, each designed for a specific PSC I is designed to save power in Best-Effort (BE) and Non-Real-Time Variable Rate (NRT-VR) services and consists of listening window and sleep window. The length of the listening window in this power saving class is fixed and a MS associated with PSC I checks if there are any buffered packets for it in the listening window. If there were buffered packets, the MS will return to normal operation mode to receive the packet. Otherwise, the sleep window will be activated, so that the device will save power. Then this procedure repeats and the length of sleep window is doubled until it reaches the maximum length defined in WiMAX standard [3] .
PSC II is designed for unsolicited grant services and also Real-Time Variable Rate (RT-VR) services. Similar to PSC I, PSC II is also consisted of listening window and sleep window. Unlike PSC I, the length of listening and sleep windows are both fixed and the summation of them is called a sleep cycle. A MS associated with PSC II can still transmit data packets without returning to normal operation. As a result, the length of listening window should be long enough to receive all packets arrived during a single sleep cycle in PSC II [4] .
As shown in Fig. 1 , unlike PSC I and PSC II, PSC III consists only of a single sleep window and it is used for multicast services. By activating this PSC, a single sleep window with defined length in WiMAX standard starts and then the MS returns to normal operation mode [5] . 
III. LITERATURE REVIEW
Many researches have been done to reduce power consumption in WiMAX, each using a specific approach and we will point out some of the major ones. As in [6] a power saving mechanism for WiMAX was proposed to maximize energy efficiency. They have actually proposed a theoretic frame based on semi-Markov decision process along with a performance study on the power saving procedure. In [7] a power saving mechanism called Maximum Unavailability Interval (MUI) was proposed to increase energy efficiency in PSC II for WiMAX. They believe that their mechanism can calculate the maximum unavailability interval. They proposed a mathematical technique to reduce calculation complexity too. In [8] a research has been done to improve sleep mode's performance by applying a proactive algorithm to uplink traffic and also an efficient approach to numerically calculate power saving parameters has been proposed. In the end, they proved that a proper scheduling and a controllably delayed uplink traffic can have a huge positive impact on system performance and power saving procedure. In [9] a power saving mechanism has been proposed to guarantee delay parameter of QoS that synchronizes sleep cycles by imposing a slight delay. Based on WiMAX cross-layer design, a power saving strategy has been proposed in [10] , in which they evaluated WiMAX power saving performance, as well as that of mobile stations in sleep mode by a Markov chain model. Then, they found the relationship between network load and power consumption and in the end they proposed a method to calculate power saving parameters. In [11] a power saving method for WiMAX was proposed to increase unavailability intervals in a MS which is using PSC II. This method configures sleep window's scheduling in a way that maximizes unavailability intervals. They also proved analytically that their method saves 20 percent more power in comparison with the predefined PSC II in WiMAX. [12] was a research aiming to design a scheduling algorithm for real-rime services in order to maximize unavailability intervals in PSC II. Using an Adaptive Bandwidth Reservation (ABR) algorithm, they reduced calculation complexity and proved that their proposed algorithm not only maximizes unavailability intervals, but also reduces power consumption significantly.
IV. METHODOLOGY
As explained in Section II, an MS associated with PSC II can transmit data packets without existing sleep mode. But some control packets (e.g. keep alive messages or time synchronization messages) that are sent to MAC layer of WiMAX (shown in Fig. 2 ) by application layer will terminate sleep mode. As a result, the MS will return to normal operation and this lack of cross-layer coordination will reduce the positive effect of sleep mode to save power.
In order to solve this problem we have made some changes in the predefined PSC II algorithm of WiMAX to make the cross-layer coordination between MAC and application layer. Therefore, we have implemented a proactive buffer between MAC and application layers to impose delay to control packets, so that the MS will longer stay in sleep mode and as a result, more power is saved.
WiMAX supports 2.5, 4, 5, 8, 10, 12.5 and 20 millisecond packet lengths [13] . Since the overhead of 5 millisecond packets cause PSC II operate optimally in saving power [14] , [15] , we have adjusted transmitted packet lengths to 5 milliseconds.
An assumption made in the simulations is to use UGS scheduling when sleep mode is activated. Since this transmission scheduling method is delay-sensitive, it can evaluate our proposed algorithm well; meaning if our proposed algorithm is proper, packets will be transmitted without problem. Otherwise, network delay will be increased and the network will be unstable. Moreover, the real-time traffic will no longer be real-time, resulting in network failure. One last assumption is that the MS moves in the BS's coverage area in random vector-like paths.
Major changes that we have made in the predefined PSC II of WiMAX are mostly related to sleep control (sleep-ctrl) and higher layer packets (hl-pk) states in WiMAX MAC layer. www.ijacsa.thesai.org 
A. Defining the buffer
Since the length of control packets from application layer to MAC layer is 4 milliseconds [16] and generally there are two types of control packets in WiMAX real-time services named time synchronization and keep alive messages [17] that are delay-tolerable [18] , therefore we have set the buffer length to 100 milliseconds. As a result, there will be a queue of 25 control packets which will be delayed 100 milliseconds. This buffer length is neither too short to make a congestion inside the buffer, nor too long to exceed the packet delay bound of control packets and failing the network accordingly [19] .
In order to optimally design the buffer, we should consider the fact that this buffer (like other common buffers) is actually a memory and it is only capable of recognizing the incoming packet sizes, not their types. So we have set a condition for the buffer to only let the 4 millisecond packets enter the queue; so that no extra delay would be applied to our 5 millisecond data packets by the buffer. (For a service like VoIP, even if we apply the 100 millisecond delay to data packets, if there were no more than 50 millisecond delay in other parts of the network, the service would still be real-time and functioning properly. [20] ) Sleep window's duration in the predefined PSC II of WiMAX is 10 milliseconds [21] . According to our trial and error, if the buffer length and sleep cycle's duration are equal, the cross-layer coordination is best made; and therefore the sleep mode would function optimally. So the other change we have made in the predefined PSC II of WiMAX is to increase the sleep cycle's duration to 100 milliseconds; meaning that sleep window and listening window's duration should each be 50 milliseconds. Another obvious point to mention about the buffer is that it should be activated only when the sleep mode is triggered.
V. RESULTS AND COMPARISON
As mentioned before, in this section a comparison is made between the performance of the proposed PSC II algorithm and the predefined PSC II algorithm in WiMAX, when a real-time VoIP service with PCM quality speech is simulated in one hour duration in the network. This service is actually the service offered by most of social media applications (e.g., WhatsApp, telegram, etc.).
In this comparison, the first scenario (scenario 1) indicates the performance of the predefined PSC II algorithm in WiMAX and the second scenario (scenario 2) refers to the proposed algorithm (all simulations are run by OPNET simulator).
A. Power consumption
As shown in Fig. 3 , power consumption for scenario 1 is 30 dBm, while for scenario 2 is 25.8 dBm; meaning that the power consumption for the proposed algorithm is 4.2 dBm less than that of the predefined PSC II of WiMAX. In fact, power consumption for scenario 1 is 1 watt, while for scenario 2 is about 0.4 watts; meaning that the proposed algorithm saves about 60 percent more power. Fig. 4 shows that both scenarios have 2.4 milliseconds (0.0024 seconds) delay. This means that the proposed algorithm has not imposed any extra delay to the network. QoS for WiMAX real-time services indicates that a delay less than 100 milliseconds is excellent and a delay less than 150 milliseconds is acceptable [22] . In fact, using UGS scheduling has not made any problems for the proposed algorithm and the delay in scenario 2 is far less than 100 milliseconds. As a result, the performance of the proposed algorithm is excellent in the field of delay.
B. Delay
C. Network load
As shown in Fig. 5 , average network load for both scenarios is nearly the same and as expected, for both scenarios at their steady state stability, average network load is about 200,000 bits per second (25 kilobytes per second) which is actually the bit rate of a PCM quality speech VoIP service. Furthermore, since the network load has reached a steady state stability, we can conclude that no network failure has occurred. 
D. Dropped packets
From Fig. 6 , it is clear that at the beginning of the simulation, dropped packets for both scenarios is 0.59 packets per second. But towards the end of simulation, average dropped packets is about 0.5 and 0.8 packets per second for scenario 1 and scenario 2, respectively. As a result, an average of 0.3 packets per second in the proposed algorithm is dropped more than that of the predefined PSC II algorithm of WiMAX. QoS for WiMAX real-time services indicates that at most 5 percent of packets can be dropped per second [22] . Since we chose that data packet lengths in the proposed algorithm to be 5 milliseconds and also 0.8 packets are dropped per second, one can conclude that 0.4 percent of packets are dropped in the proposed algorithm which is 4.6 percent less than the highest acceptable value in WiMAX QoS. Fig. 7 . Comparison of block error rate. Fig. 7 shows that although the Block Error Rate (BLER) at the beginning of the simulation for scenario 2 is less than that of scenario 1, but towards the end of simulation, BLER is www.ijacsa.thesai.org about 0.0014 and 0.0024 for scenario 1 and scenario 2 respectively. This means that BLER for the proposed algorithm is about 0.001 more than that of the predefined PSC II of WiMAX, but the BLER for the proposed algorithm still guarantees the QoS of WiMAX real-time services [22] .
E. Block error rate (BLER)
F. Signal to noise ratio (SNR)
As shown in Fig. 8 , average SNR for scenario 1 and scenario 2 is 4.2 and 3, respectively and as expected, the SNR for the proposed algorithms is less than that of the predefined PSC II of WiMAX. Since in this simulation the value of noise power is constant, it is the signal power that has made the difference. As expected, because cross-layer coordination has been made in the proposed algorithm (scenario 2), sleep mode has done a better job saving power; so it has used less signal power to transmit data packets accordingly. As a result, SNR has been decreased in the proposed PSC II algorithm. WiMAX QoS for real-time services indicates that this signal to noise ratio is quite enough for a WiMAX network to operate properly [22] .
VI. CONCLUSION AND FUTURE WORK
In this article a PSC II algorithm for WiMAX sleep mode is proposed to replace the predefined PSC II of WiMAX. Although PSC II can save power when using WiMAX, but lack of cross-layer coordination reduces the positive effect of WiMAX PSC II, thus we decided to make the cross-layer coordination by implementing a proactive buffer that delays delay-tolerable control messages like time synchronization and keep alive messages sent to MAC layer by application layer. In fact, we have made changes in the predefined PSC II algorithm of WiMAX (e.g., applying the buffer between MAC layer and application layer, alteration of sleep window and listening window length, etc.) to develop a new algorithm that makes the cross-layer coordination and saves more power accordingly.
We have also evaluated the performance of the predefined WiMAX PSC II algorithm and the proposed algorithm by comparing power consumption, delay, network load, dropped packets, block error rate (BLER) and signal to noise ratio (SNR) using OPNET simulator.
The comparison indicates that the proposed algorithm saves about 60 percent more power and no extra delay has been imposed to the network; moreover, network load has not been changed tangibly. The comparison also shows that 0.3 packets per second are dropped more in the proposed algorithm which is acceptable by WiMAX QoS. Also in the proposed algorithm, the block error rate is 0.001 more than that of the predefined WiMAX PSC II, but this is still acceptable by WiMAX QoS for real-time services. At last, the comparison of SNR shows that the proposed algorithm has less signal to noise ratio as expected; since less signal power has been used, regarding the constant noise power.
As a summarized conclusion one can say that the proposed algorithm saves 60 percent more power and it does not impose any extra delay to the network and it does not change the network load; but it increases the dropped packets and block error rate and also decreases the signal to noise ratio which are all acceptable by WiMAX QoS for real-time services.
A point that makes this research different from other related researches is the percentage of saved power which is 60 percent. Also the fact that no extra delay has been imposed to the network and no tangible alteration has been made in network load; meaning that the reason of less power consumption is cross-layer coordination; not imposing extra delay or reducing network load.
From the results and comparison, one can anticipate that since the proposed algorithm has done a good job saving power in a single connection between one mobile station and a base station, it can also perform well in a multiple connection where there are more than one mobile stations. This requires a research team to investigate the performance of the proposed algorithm when there are more than one mobile stations in a WiMAX network.
